In the nasute higher termite Nasutitermes lujae, the differentiation of new soldiers is suppressed or delayed by the soldiers themselves. Experimental data strongly suggest that this inhibitory effect results from the action of a primer pheromone secreted by the frontal gland of soldiers. The pheromone must be contacted directly. Thus, the frontal gland of termite soldiers assumes a new role in addition to alarm and defense, although this extension cannot be generalized to all termite species. The soldier inhibitory pheromone is evidently only one of multiple factors contributing soldier regulation in termite societies.
the differentiation of other soldiers. In experimental populations formed from adult colonies, soldier production is reduced by the presence of soldiers in K. flavicollis (9) , Neotermes jouteli (10) , Prorhinotermes simplex (11), Schedorhinotermes lamanianus (12) , Reticulitermes flavipes, and Reticulitermes virginicus (13) . According to Luscher (14) , this inhibition is pheromonal in nature. In S. lamanianus, soldier extracts in methylene chloride reduce soldier production, and tetradecenone, a product of frontal gland secretion of large soldiers, shows similar effects (12) . However, mortality in tested populations is higher than in controls so that the inhibition of soldier formation could arise from a toxicity phenomenon and not from a specific pheromonal action.
The present paper reports on the regulation of soldier proportions in an ecologically dominant higher termite, Nasutitermes lujae. MATERIAL 
AND METHODS
Arboreal nests of N. lujae were collected in Ivory Coast equatorial forests near Abidjan. The polymorphism of this species is similar to that of Nasutitermes arborum described by Noirot (15) . The worker caste is dimorphic with female large workers and male small workers. Nasute soldiers are monomorphic and all are of the male sex. They develop from small workers of the first instar (SW1) through an intermediary instar of presoldier. SW1 are recognizable by their unpigmented head. They are true workers capable of feeding and foraging (15, 16) .
Small worker and soldier proportions have been measured in seven field colonies containing between 30,000 and 125,000 individuals (larvae not included) and collected during the last 3 months of the year 1983. Caste proportions (T ± SD) were estimated by subsampling from total nest population. SW1 proportion was 34.53% ± 9.12%; soldier + presoldier proportion was 18.72% ± 2.67% (0.98% ± 0.86% for presoldiers). Soldiers and presoldiers represented 35.98% ± 7.75% of the SW1 + soldier + presoldier population.
Our study is based on the comparison of soldier production in groups exclusively composed of SW1 (controls) and groups of SW1 tested either with living soldiers or with soldier extracts. In groups composed originally of workers plus soldiers, it was not possible at the end of the experiment to recognize the newly differentiated soldiers from the older ones (long-lasting marking is especially difficult in social insects, due to grooming behavior). Thus, for this type of rearing, our data express "production" of new soldiers only if mortality is the same in both soldiers and workers. This seems to be a reasonable assumption, because the total mortality appears similar in populations composed of workers only and populations of workers plus soldiers (see Table 1 ). However, in groups initially containing 50 living soldiers it is better to speak of "apparent production." Colonies of N. lujae were maintained in glass tanks filled with pieces of decayed wood in an air-conditioned room (270C, relative humidity 80%). No later than 48 hr after collecting, termites were reared for tests according to Grasse and Noirot (17) cantly reduced by cephalic extracts (20.50% ± 3.25% and mortality = 14% + 4.17%).
Colonies 9 and 10: Frontal Gland Secretion Extracts in CH2Cl2. In populations tested with frontal gland secretion, soldier production rate was similar to that of populations tested with whole soldier extracts and significantly lower than in controls (Table 3) .
Colonies 11 and 12: Whole Soldier Extracts Isolated by a Wire Gauze. Small pieces of wood impregnated with whole soldier extracts and covered with wire gauze were introduced in populations of SW1 reared on wood so that SW1 were prevented from making direct contact with soldier extracts. Under these conditions, soldier production rate was not significantly different between control and test (Table 4) . Therefore, soldier inhibitory activity necessitated direct contact with small workers.
DISCUSSION
The results of the present investigation demonstrate that soldiers present in a termite population regulate new soldier production. Therefore, soldier self-inhibition, already observed in lower termites, exists also in the more evolved higher termites.
Whole soldier extracts in CH2CI2 had an inhibitory power comparable to that of living soldiers. This extract activity was performed without increasing the mortality rate. Mortality of tested populations was never statistically higher than that of control populations. Moreover, the number of rearings suppressed by mortality exceeding 25% was greater in controls (42%) than in experiments (32%). Therefore, it can be reasonably concluded that extract inhibitory activity arises from a specific pheromonal activity and not from a toxicity phenomenon. As frontal gland secretion has the same action as that of whole soldier extracts, it can be proposed that an inhibitory pheromone secreted by soldier frontal gland exists.
The frontal gland of soldiers, already known for assuming a double role of alarm and defense (18) , acquires, therefore, a new role in regulating soldier numbers in the colony. It is also probably the case in S. lamanianus (Rhinotermitidae), in which the frontal gland is very well developed (12) . However, this new role of the frontal gland cannot be generalized since inhibition also exists in species with soldiers devoid of frontal glands, including Z. angusticollis (6) and K. flavicolUs (9) .
Termite polymorphism is not genetically controlled but results from post-embryonic developmental processes in which the neuroendocrine system is of major importance. According to the current concept, caste formation might result from the activity of particular genes common to all individuals and selectively expressed under appropriate hormonal conditions (19, 20) . Soldier differentiation necessitates two molts involving the activity of prothoracic glands and of the corpora allata. Although they are not understood in detail, the role ofjuvenile hormone and its analogues has been implicated time and again (21) (22) (23) (24) (25) . The soldier inhibitory pheromone could therefore act in at least two ways: by inhibiting prothoracic glands, thereby slowing down the rhythm of the molts and consequently soldier production, or by inhibiting the corpora allata, soldier differentiation would be prevented. However, it is also possible that the assumed action on prothoracic glands is carried out through the mediation of the corpora allata, since juvenile hormone can be prothoracicotropic (26) . Concerning its mode of action, the soldier inhibitory pheromone could act after ingestion, during grooming or trophallactic exchanges, directly on the brain or on endocrine glands; it would behave, in this case, as a true ectohormone. More probably, however, its action is relayed by the sensory system, the target organs being stimulated through the brain and neurosecretory cells. In this hypothesis, the olfactory system cannot be involved since the action of the inhibitory pheromone was canceled by a simple wire gauze. Transmission is probably ensured by contact chemoreception, as has been suggested for the honeybee queen pheromone (27) .
Soldier regulation in termite societies is a complex phenomenon in which different factors act at both the individual and social levels (5, 8, 19, (28) (29) (30) (31) (32) (33) (34) (35) (36) . Further chemical investigation is necessary to delimit more precisely the role of the inhibitory pheromone among the different regulatory mechanisms, an interaction that allows the termite societies to adapt to fluctuations of their environment.
